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Abstract 

The urinary bladder trigone (UBT) is a lim- 
ited area through which the majority of vessels 
and nerve fibers penetrate into the urinary 
bladder and where nerve fibers and intramural 
neurons are more concentrated. We localized 
the extramural post ganglionic autonomic 
neurons supplying the porcine UBT by means 
of retrograde tracing (Fast Blue, FB). 
Moreover, we investigated the phenotype of 
sympathetic trunk ganglia (STG) and caudal 
mesenteric ganglia (CMG) neurons positive to 
FB (FB+) by coupling retrograde tracing and 
double-labeling immunofluorescence methods. 
A mean number of 1845.1 ±259.3 FB+ neurons 
were localized bilaterally in the L1-S3 STG, 
which appeared as small pericarya (465.6±82.7 
pm 2 ) mainly localized along an edge of the 
ganglion. A large number (4287.5+1450.6) of 
small (476.1±103.9 pm 2 ) FB+ neurons were 
localized mainly along a border of both CMG. 
The largest number (4793.3±1990.8) of FB+ 
neurons was observed in the pelvic plexus 
(PP), where labeled neurons were often clus- 
tered within different microganglia and had 
smaller soma cross-sectional area (374.9±85.4 
pm 2 ). STG and CMG FB+ neurons were 
immunoreactive (IR) for tyrosine hydroxylase 
(TH) (66±10.1% and 52.7±8.2%, respectively), 
dopamine beta-hydroxylase (D|3H) (62±6.2% 
and 52±6.2%, respectively), neuropeptide Y 
(NPY) (59±8.2% and 65.8±7.3%, respectively), 
calcitonin-gene-related peptide (CGRP) 
(24.1±3.3% and 22.1±3.3%, respectively), sub- 
stance P (SP) (21.6±2.4% and 37.7±7.5%, 
respectively), vasoactive intestinal polypeptide 
(VIP) (18.9±2.3% and 35.4±4.4%, respective- 
ly), neuronal nitric oxide synthase (nNOS) 
(15.3±2% and 32.9±7.7%, respectively), vesic- 
ular acetylcholine transporter (VAChT) 
(15±2% and 34.7±4.5%, respectively), leu- 
enkephalin (LENK) (14.3±7.1% and 



25.9±8.9%, respectively), and somatostatin 
(SOM) (12.4±3% and 31.8±7.3%, respective- 
ly). UBT-projecting neurons were also sur- 
rounded by VAChT-, CGRP-, LENK-, and nNOS- 
IR fibers. The possible role of these neurons 
and fibers in the neural pathways of the UBT is 
discussed. 



Introduction 

The urinary bladder (UB) stores and period- 
ically releases urine under the control of neu- 
ral circuits located in the brain, spinal cord and 
peripheral ganglia. The site in which the 
majority of nerve fibers and vessels penetrate 
the UB 12 and where nerve fibers and intramu- 
ral neurons are more concentrated, 34 is the 
urinary bladder trigone (UBT). It is a dorsal 
triangular area of the UB, delimited by the 
ureteral and urethral orifices and lined by an 
epithelium classically deemed of mesodermal 
origin, 5 but whose endodermal origin has been 
recently suggested. 6 Recent studies suggest 
that the trigone is formed predominantly from 
the bladder muscle, and the contribution from 
ureteral longitudinal fibers is more limited. 7 

The UBT may be considered as forming a 
functional entity that controls urine outflow 
during filling and voiding, also providing an 
effective anti-reflux mechanism to prevent the 
backflow of urine into the ureters. 8 Therefore, 
it plays a vital role in maintaining continence 
and aiding micturition. Moreover, the UBT rep- 
resents an elective site for cancer prolifera- 
tion, in both veterinary 910 and human 11 medi- 
cine. Hence, we believe that the knowledge of 
UBT nervous pathways is essential for a better 
insight into the control of bladder storage and 
voiding in health and disease. It can provide a 
more complete understanding of the mode of 
action of existing therapies, and a basis for the 
development of future therapeutic approaches 
to maintain or regain a properly functioning of 
the UB. 

Until now only sensory neurons 12 innervat- 
ing the bladder and the neurons located in the 
intramural ganglia of porcine UBT 4 or in the 
pelvic part of the urethra and in the UB neck 13 
have been thoroughly identified and studied. 
We have thus undertaken a study, combining 
retrograde neuronal tracing and standard 
immunohistochemical techniques, to provide a 
detailed description of the distribution, mor- 
phology and chemical coding of the peripheral 
sensory and autonomic neurons supplying 
porcine UBT. Data regarding sensory neurons 
have already been published. 14 In the present 
paper we describe the distribution and mor- 
phology of the extramural autonomic neurons 
and the chemical coding of a subset of sympa- 
thetic neurons supplying porcine UBT. 



We have chosen the domestic pig as experi- 
mental animal because it has been regarded as 
a more suitable model for studying human 
lower urinary tract innervation than rodents or 
carnivores. 15 18 



Materials and Methods 

All the procedures described below were car- 
ried out in accordance with the European 
Communities Council Directive of 24 
November 1986 (86/609/EEC) and the Italian 
legislation regarding experimental animals, 
after approval by the Scientific Ethics 
Committee for Experiments on Animals of the 
University of Parma (Prot. Rif. 68/09). All pos- 
sible efforts were made to minimize the num- 
ber of animals used and their suffering. 

Four intact male crossbreed (Large white x 
Landrace x Duroc) pigs (aged 3 months, mean 
body weight: 34±3 Kg, range 30-38 Kg) were 
maintained on a diet and water ad libitum for 
1 week before the experiment. For 24 h prior to 
surgery, the animals were not given any food 
and preventive antibiotic therapy with 
Ceftiofur (Naxcel 5 mg/Kg i.m., Pfizer, 
Sandwich Kent, UK) was administered. The 
animals were sedated by intramuscular injec- 
tion of azaperone (4-10 mg/10 Kg, Stresnil, 
Janssen Cilag SpA, Cologno Monzese, Italy) 
and ketamine (150 mg/10 Kg, Ketavet 100, 
Intervet Italia Sri, Aprilia, Italy). After recum- 
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bency and venous catheterization (vena auric- 
ularis lateralis), anesthesia was induced by 
the administration of propofol (2-6 mg/Kg i.v., 
Rapinovet, Schering Plough, Segrate, Italy) 
and maintained with 1.5% to 2% isofluorane in 
100% oxygen delivered by an open circuit, via a 
cuffed Magill orotracheal tube. The post-opera- 
tive anti-inflammatory effect was achieved by 
an intramuscular injection of tolfedine (2 
mg/kg, Vetoquinol S.A., Magny-Vernois, 
France) and analgesia was ensured with 
buprenorphine (10 mg/kg i.m., Temgesicl, 
Schering Plough, Segrate, Italy), administered 
daily (for 5 days) post operatively. The pigs 
were positioned in dorsal recumbency and the 
surgical field was prepared with Betadine and 
isopropyl alcohol scrub. A midline 10-12 cm 
post-umbilical laparotomy was performed. 
After visualization of the dorsal surface of the 
UB, 50 pL of fluorescent tracer Fast Blue (FB; 
Sigma-Aldrich Chemie, Steinheim, Germany; 
2% aqueous solution) were carefully injected, 
by means of a manually operating glass 
Hamilton microsyringe, into five sites of the 
UBT. The microsyringe needle was inserted 
under the serosa in the middle of the trigonal 
area and close to the junction of each ureter 
with the UB, at a similar distance between the 
places of the injections. Injection sites were 
recognizable by observing the tracer's deposit 
beneath the serosa. To avoid leakage, the nee- 
dle was left in place for about one minute. The 
wall of the injected organ was then rinsed with 
physiological saline and gently wiped with 
gauze. The viscera were replaced correctly and 
the abdomen closed using a routine three- 
layer suture procedure. The recovery and post 
operative periods were uneventful. Two weeks 
after surgery, the pigs were deeply sedated and 
anaesthetized as described above and subject- 
ed to euthanasia by i.v. administration of 
embutramide, mebenzonium iodide and tetra- 
caine hydrochloride (Tanax, Intervet Italia, 
Segrate, Italy; 0.3 mL/kg). 

The animals used in this study had 14 tho- 
racic (Th), 7 lumbar (L), 4 sacral (S), and 20 
caudal (Ca) vertebrae. 

Specificity of the injection sites 

Macroscopic and microscopic examinations 
of the sites of FB injections were performed 
before collecting the samples. They were easi- 
ly identified by the yellow-labeled deposition 
generally left by the tracer at the injections 
sites. To verify that the tracer had not migrat- 
ed into the urethra, we analyzed, in cryosec- 
tions and by means of the H&E staining tech- 
nique, the junction between the UBT and cra- 
nial portion of the urethra. In all four subjects 
the tracer was confined within the smooth 
musculature of the UBT. To verify whether the 
tracer was spreading into the urethral striated 
muscle, we also evaluated the absence of FB- 



labeled (FB+) neurons in the last lumbar (L7) 
and in the S1-S3 spinal cord (SC) segments 
which could contain pudendal efferent neu- 
rons innervating the striated perineal muscles 
correlated to micturition, defecation, and cop- 
ulation (as described in Russo et a/. 14 ). 

In these segments, we only observed a few 
preganglionic neurons located in the interme- 
dio-lateral nucleus along the S3-S4 metameres 
of SC, which we interpreted as preganglionic 
autonomic parasympathetic cells connected to 
the numerous intramural ganglia documented 4 
in the wall of the UBT. 

Tissue preparation 

From each subject we collected, on both 
sides, the sympathetic trunk ganglia (STG), 
the cranial and caudal mesenteric ganglia 
(CrMG and CMG), the pelvic plexus (PP), the 
SC and the dorsal root ganglia (DRG). The seg- 
mental ganglia and the SC were collected from 
Thll to Ca2. The PP was identified and collect- 
ed according to the indications provided by 
Tsaknakis, 19 Panu et a/., 20 and Sienkiewicz. 21 
Data regarding the DRG have already been 
published elsewhere. 14 

All the samples collected were fixed for 6-8 h 
in 4% paraformaldehyde in phosphate buffer 
(0.1 M, pH 7.2) at 4°C, rinsed overnight in 
phosphate-buffered saline (PBS: 0.15 M NaCl 
in 0.01 M sodium phosphate buffer, pH 7.2) 
and stored at 4°C in PBS containing 30% 
sucrose and sodium azide (0.1%). The follow- 
ing day, the tissues were transferred to a mix- 
ture of PBS-30% sucrose-azide and Killik cryo- 
stat embedding medium (Bio-Optica, Milan, 
Italy) at a ratio of 1:1 for an additional 24 h 
before being embedded in 100% embedding 
medium. The sections were prepared by freez- 
ing the tissues in isopentane cooled in liquid 
nitrogen. Each ganglion was placed flat in the 
cryostat mould and serially cut into 16 pm 
thick sections along its longest axis, in order to 
obtain a large number of cells per section. The 
PP was cut into small samples serially sec- 
tioned. The SC was instead serially sectioned 
transversely and used, as indicated above, to 
control the specificity of the injection site. The 
serial sections from all samples were mounted 
on gelatine-coated slides (not coverslipped) 
and examined under a fluorescent microscope 
(Zeiss Axioskop 2 plus) equipped with epi-illu- 
mination and a filter system (excitation wave- 
length 390-420 nm; emission wavelength 450 
nm) to reveal FB fluorescent labeling of neu- 
ronal cytoplasm. The slides were then stored at 
-80°C, and, from time to time, selected for 
IHC. 

Quantitative analysis 

The number of FB+ neurons was calculated 
by counting, in the sections, only the cells in 



which the nucleus was recognizable. The num- 
ber of FB+ neurons was calculated by applying 
Abercrombie's formula; 22 the correction factor 
utilizes the T/T+h ratio, where T= section 
thickness (16 m) and h= mean diameter of 
the objects (nuclei of FB+ cells) along the per- 
pendicular axis to the plane of the section. The 
mean diameter of the nuclei of 100 FB+ neu- 
rons for lumbar and sacral STG, CMG and PP 
neuronal classes, was calculated. The mean 
diameter of the lumbar and sacral STG neu- 
ronal nuclei did not show significant differ- 
ences (see below) and was 11.6±1.1 pm; the 
correction factor was 0.57. The mean diameter 
of the CMG neuronal nuclei was 13.6±1.4 pm, 
and the correction factor 0.53. The mean 
diameter of the PP neuronal nuclei was 10±1.4 
pm and the correction factor 0.61. 

Both the total number of cells counted in 
STG, CMG and PP and the relative frequency of 
perykaria from either side of each segmental 
level were presented as mean ± standard error 
of the mean (SEM) for the four animals. In 
order to measure soma size, random sections, 
separated at least 80 pm from each other, were 
projected at a magnification of 40X and pho- 
tographed with a Zeiss Axiocam MRc5 digital 
camera. For each neuronal class, the soma 
cross-sectional areas of at least two hundred 
labeled cells, in each animal, were established 
by means of the digital image processing soft- 
ware AxioVision release 4.5 (Carl Zeiss, 
Microimaging GmbH, Germany), which calcu- 
lates the area enclosed by a manually traced 
outline of the cell bodies. We presupposed that 
two hundreds cells could be sufficient to obtain 
a statistically significant mean size that would 
be reliable and comparable among the differ- 
ent districts. No attempt to correct possible 
over- or under estimation was made during the 
image processing, so care was taken to take 
measurements in identical conditions. 

Morphometric data relative to each neu- 
ronal class were compared within each animal 
and among animals by a one-way analysis of 
variance (ANOVA) test followed by the Tukey 
post-hoc test. The statistical significant level 
was set as P<0.05. All analyses were made with 
SPSS for Windows (v.18; SPSS Inc., Chicago, 
IL, USA). 

Immunohistochemistry 

We carried out the immunohistochemical 
investigation on the sympathetic trunk ganglia 
and caudal mesenteric ganglia, which are con- 
sidered typical sympathetic ganglia, 23 26 and 
not on the ganglia of the pelvic plexus which 
are considered mixed autonomic ganglia con- 
taining both sympathetic and parasympathetic 
neurons. 26,27 

The STG and the CMG were stained by a 
double labeling immunofluorescence method 
to test the occurrence of calcitonin gene-relat- 
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ed peptide (CGRP), dopamine beta-hydroxy- 
lase (D|3H), leu-enkephalin (LENK), neuronal 
nitric oxyde synthase (n-NOS), neuropeptide Y 
(NPY), somatostatin (SOM), substance P 
(SP), tyrosine hydroxylase (TH), vesicular 
choline acetyl transferase (VAChT), and 
vasoactive intestinal polypeptide (VIP), and 
the co-localization of TH with each of the other 
substances tested. The same combinations of 
primary antisera were applied to sections at 
least 160 pm away from each other to elimi- 
nate the likelihood of testing the same neuron 
twice for the same antisera. After air-drying at 
room temperature (RT) for 30 min, the sec- 
tions were incubated with a solution contain- 
ing 0.25% Triton X-100, 1% bovine serum albu- 
min and 10% normal goat serum in phosphate- 
buffered saline (PBS: 0.15M NaCl in 0.01 M 
sodium phosphate buffer, pH 7.2) for 1 h (RT), 
to reduce non-specific background staining. 
They were then incubated with a combination 
of the primary antisera (overnight, RT) listed 
in Table 1, further incubated with a mixture of 
fluorescein isothiocyanate (FITC)-conjugated 
goat anti-rabbit IgG and biotinylated-goat anti- 
mouse IgG (1 h; RT) and, finally, incubated 
with Texas Red-conjugated streptavidin (1 h; 
RT) (primary antisera and secondary reagents 
are listed in Table 1) and mounted in buffered 
glycerol. The sections were rinsed with PBS for 
5 min after each step of the immunolabeling 
process. The labeled sections were analyzed 
and photographed with a Zeiss Axioskop 2 plus 
fluorescence microscope equipped with epi- 
illumination and appropriate filters for FB, 
FITC (excitation wavelength 450-490 nm; 
emission wavelength 515-565 nm) and Texas 
Red (excitation wavelength 530-585 nm; emis- 
sion wavelength 615 nm). Relationships 
between FB distribution and immunohisto- 



chemical staining were examined directly by 
interchanging filters. The observations were 
made by a single operator. 

In each ganglion, the relative percentages of 
UBT-projecting neurons containing different 
combinations of the markers were calculated 
on the total number of FB+ cells tested for 
each couple of primary antisera. Data are 
expressed as means ± SEM between the four 
animals. Differences in the proportions of the 
various combinations of the markers in the 
different ganglia were evaluated by the chi- 
square test. A P value of <0.05 was considered 
significant. All analyses were made with SPSS 
for Windows (v. 18; SPSS Inc., Chicago, IL, 
USA). 

Antibody characterization 

Specificity of the primary antibodies 

The specificity of the anti-CGRP (Sigma- 
Aldrich) and anti-nNOS (Chemicon) antibod- 
ies has been recently tested by Western blot 
(WB) analysis 14 on porcine tissues. 

The specificity of the anti-TH (Sigma- 
Aldrich), anti-D|3H (Chemicon), anti-SOM 
(Genetex), anti-NPY (Sigma-Aldrich) and anti- 
VAChT (Sigma-Aldrich) antibodies was tested 
in the present research by WB analysis. 
Furthermore the anti-VIP antibodies, as well as 
anti-CGRP, -NPY, -TH, and -VIP antibodies 
were tested by adsorption test. It is also note- 
worthy that the Sigma-Aldrich datasheets state 
the specificity of anti-CGRP, -SP, -NPY, and -VIP 
antibodies for porcine tissues. WB failed to 
test the specificity of the polyclonal anti-LENK 
(Chemicon) antibody. In fact, the Chemicon 
datasheet specified that the product cannot be 
employed for this application. However no 
immunoreactivity was detected in a control 



experiment carried out, incubating sections in 
the absence of primary antiserum replaced by 
PBS. LENK is an opiod peptide derived from 
the same mammalian precursor, 28 thus it is 
reasonable to believe that the anti-LENK uti- 
lized in the present research recognizes the 
pig polypeptide. 

Western blotting 

Tissue samples (porcine DRG, STG and SC) 
were collected, frozen in liquid nitrogen, and 
stored at -80°C. Subsequently, for protein 
analysis, tissues were thawed and homoge- 
nized directly into a SDS lysis solution (Tris- 
HC1 62.5 mM pH 6.8; SDS 2%, 5% glycerol) with 
0.1 mM phenylmethylsulfonylfluoride (PMSF). 
The protein content of cellular lysates was 
determined by a Protein Assay Kit (TP0300, 
Sigma-Aldrich, St. Louis, MO, USA). Aliquots 
containing 10 g proteins were separated on 
NuPage 4-12% bis-Tris Gel (Gibco-Invitrogen, 
Paisley, UK) for 50 min at 200V. Proteins were 
then electrophoretically transferred onto a 
nitrocellulose membrane. Blots were washed 
in PBS and protein transfer was checked by 
staining the nitrocellulose membranes with 
0.2% Ponceau Red. After blocking treatment, 
the membranes were incubated at 4°C 
overnight with the respective antibodies in 
Tris Buffered Saline-T20 (TBS-T20 20 mM 
Tris-HCl, pH 7.4, 500 mM NaCl, 0.1% T-20): 
anti-TH mouse monoclonal antibody (1:1500 
Sigma-Aldrich), anti-SOM rabbit polyclonal 
antibody (1:2000 GeneTex), anti-NPY rabbit 
polyclonal antibody (1:3000 Sigma-Aldrich and 
Chemicon), anti-D|3H rabbit polyclonal anti- 
body (1:1000 Chemicon), anti-VAChT rabbit 
polyclonal (1:500 Sigma-Aldrich), anti-LENK 
rabbit polyclonal (1:1000 Chemicon). After sev- 
eral washings with PBS-T20 the membranes 



Table 1, Antisera and dilutions used in the experiments. 



1 Primary antibody 


Raised in 


Code no. 


Dilution 


Supplier 1 


Anti-tyrosine hydroxylase (TH) 
Anti-dopamine hydroxylase (D|3H) 


Mouse (monoclonal) 
Rabbit (polyclonal) 


T 2928 
AB1585 


1:4000 
1:2000 


Sigma, St. Louis, MO, USA 

Chemicon International, Inc., Temecula, CA, USA 


Anti-vesicular choline acetyl transferase (VAChT) 
Anti-neuronal nitric oxyde synthase (n-NOS) 


Rabbit (polyclonal) 
Rabbit (polyclonal) 


V5387 
AB 5380 


1:500 
1:1500 


Sigma, St. Louis, MO, USA 

Chemicon International, Inc., Temecula, CA, USA 


Anti-calcitonin gene related peptide (CGRP) 
Anti-leu-enkephalin (LENK) 


Rabbit (polyclonal) 
Rabbit (polyclonal) 


C8198 
AB1974 


1:4000 
1:1000 


Sigma, St. Louis, MO, USA 

Chemicon International, Inc. Temecula, CA, USA 


Anti-neuropeptide Y (NPY) 


Rabbit (polyclonal) 


N 9528 


1:4000 


Sigma, St. Louis, MO, USA 


Anti-somatostatin 28 (SOM) 


Rabbit (polyclonal) 


GTX11103 


1:2500 


GeneTex, Inc., Irvine, CA, USA 


Anti-substance P (SP) 


Rabbit (polyclonal) 


S1542 


1:4000 


Sigma, St. Louis, MO, USA 


Anti-vasoactive intestinal polypeptide (VIP) 


Rabbit (polyclonal) 


V3508 


1:4000 


Sigma, St. Louis, MO, USA 






Raised in 


Code no. 


Dilution 


Supplier 1 


Anti-rabbit IgG/FITC 


Goat 


F0382 


1:40 


Sigma, St. Louis, MO, USA 


Anti-mouse IgG/Biotin 


Sheep 


RPN 1001 


1:100 


Amersham Pharmacia Biotech, Little Chalfont, UK 


Streptavidin/Texas Red 




RPN 1233 


1:100 


Amersham Pharmacia Biotech, Little Chalfont, UK 
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were incubated with the secondary biotin-con- 
jugated antibody and then with a 1:1000 dilu- 
tion of an anti-biotin horseradish peroxidase 
(HRP)-linked antibody. The Western blots 
(WB) were developed using chemiluminescent 
substrate (Super Signal West Pico 
Chemiluminescent Substrate, Pierce 
Biotechnology, Inc, Rockford, IL, USA) accord- 
ing to the manufacturer's instructions. The 
intensity of the luminescent signal of the 
resulting bands was captured by Fluor-STM 
Multimager using Quantity One Software 
(Bio-Rad Laboratories Inc., Hercules, CA, 
USA). WB analysis confirmed the specificity of 
the primary antibodies utilized in the present 
study. 

The band revealed in the spinal cord by the 
anti-TH antibody showed a molecular weight of 
approximately 58 kDa (Figure 1) while in the 
DRG the band showed a lower molecular weight 
of approximately 55kDa (Figure 1); since the 
complete protein sequence in pigs is not avail- 
able (http://www.uniprot.org), we considered 
the theoretical molecular weight of TH in Homo 
sapiens (58kDa). In Homo sapiens four isoforms 
of the protein are known, 55.6, 56, 58.1, and 58.5 
kDa; we cannot exclude that two specific iso- 
forms of this protein might exist in the pig. WB 
analysis for DpH protein showed, in porcine 
spinal cord and DRG, a band of approximately 70 
kDa; although the sequence of D(3H seems to be 
preserved among different species, such as 
mammals and birds, the complete sequence of 
DpH in swine is not available. As observed also 
in other species, 29 31 we found a monomeric and 



a dimeric isoform of DpH (Figure 1). WB analy- 
sis for somatostatin protein, in porcine spinal 
cord (but not in the DRG), determined a band of 
approximately 13 kDa (Figure 1), consistent 
with the weight of pre-propeptide. WB analysis 
for NPY protein, in porcine spinal cord, showed 
a band of approximately 11 kDa (Figure 1), con- 
sistent with the complete sequence of pre- 
propeptide. In the DRG the band was weaker 
(data not shown), and showed a different 
molecular weight (approximately 4,5 kDa), in 
line with the result reported by Kos et a/. 32 WB 
analysis for VAChT protein showed, in porcine 
STG, a band of approximately 70 kDa (Figure 1) 
consistent with the weight of the sequence of 
aminoacids of VAChT. 



Results 

The use of the retrograde neuronal tracer 
enabled us to locate UBT-projecting neurons in 
each category of the samples collected. 

Sympathetic trunk ganglia 

The labeled cells of the STG were found con- 
sistently in the bilateral L1-S3 ganglia. The mean 
number of FB+ neurons was 1845.1±259.3, 
mostly (86.5±5.2%) located in L7-S2 ganglia. The 
frequency distribution of FB+ neurons in each 
segmental level of the STG is shown in Figure 2. 
Labeled neurons were isolated or clustered in 
small groups of 2-3 neurons scattered throughout 
the individual ganglia. In the ganglia containing 



the highest number of labeled cells, the latter 
were almost exclusively localized along an edge 
of the ganglion with an obvious topographical 
organization (Figure 3, Al). Labeled cells were 
typical multipolar neurons (Figure 3, A2), show- 
ing an elliptical shape with the longer axis gen- 
erally oriented parallel to the longitudinal axis of 
the ganglion. Labeled neurons showed the nucle- 
us eccentrically placed. As we failed to find signif- 
icant differences between the sizes of lumbar 
and sacral STG neurons within each animal, or 
among animals, we pooled all the measures of 
STG neurons of the four subjects. The mean 
value of the soma cross-sectional areas of UBT- 
projecting neurons in the STG was of 465.6±82.7 
pm 2 . We compared this mean value with those of 
the CMG and PP FB+ neurons (see below) and 
found significant differences (one-way ANOVA 
test, P<0.001). The results are shown in Figure 4. 

Cranial mesenteric ganglia 

Of all the samples examined there was only 
one positive response (8 FB+ neurons) in a left 
CrMG. The small number of cells observed did 
not allow us to make significant statistical eval- 
uations or morphological descriptions. 

Caudal mesenteric ganglia 

The mean number of FB+ neurons found in 
the bilateral CMG was 4287.5+1450.6, with the 
majority of these cells (65.7±13.5%) located in 
the left ganglion. 

Labeled cells were almost exclusively found 
along an edge of the CMG with an apparent top- 
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Figure 1. Western blot immunolabeling of tyrosine hydroxylase, 
dopamine beta-hydroxylase, somatostatin, neuropeptide Y and 
vesicular acetylcholine transporter in porcine dorsal root ganglia, 
sympathetic trunk ganglia and spinal cord. The number on the 
left of each line indicates the molecular weight. The images of the 
different immunoblots were slightly adjusted in brightness and 
contrast to provide a uniform background. TH: tyrosine hydrox- 
ylase; D($H: dopamine beta-hydroxylase; NPY: neuropeptide; 
VAChT: vesicular acetylcholine transporter. 



J 



Figure 2. Histogram showing the frequency distribution of uri- 
nary bladder trigone-projecting neurons (mean total number 
1845.1 ±259.3, n=4) in each segmental level of the sympathetic 
trunk ganglia. 
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ographical organization (Figure 3, Bl). These 
cells were typical multipolar neurons (Figure 3, 
B2), with their longer axis generally oriented 
parallel to the longitudinal axis of the ganglion. 
Neurons were generally oval and readily identi- 
fiable by their large rounded nucleus. As the 
mean value of their cross-sectional areas did 
not show significant differences between the 
four subjects, we pooled together all the meas- 
ures of CMG UBT-projecting neurons from all 
the animals, for a total of 476.1+103.9 pm 2 
(Figure 4). The resulting mean value was not 
significantly different from the one of the STG 



STG L7 


- □ 


A1 


200 ).r 


CMG 


• . CD y"' 


B1 


MOjn 


PP 


• 






C1 


• 

SO tin 



UBT-projecting neurons (Tukey post-hoc test, 
P>0.05). 

Pelvic plexus 

Traced somata were found constantly in the 
PP; in fact, a mean number of 4793.3+1990.8 
FB+ neurons were found in the bilateral part of 
the pelvic plexus, located in the angle between 
the urethral end of the deferens ducts and the 
cranial part of the vesicular gland. The majority 
(61.1±12.9%) of these cells was isolated or clus- 
tered within the right micro-ganglia. Labeled 
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pelvic cells were typical multipolar neurons 
(Figure 3, C1-C2) and the mean value of their 
soma cross-sectional areas did not show signif- 
icant differences between the four subjects: 
therefore we pooled all the measures of PP UBT- 
projecting neurons of the four subjects, for a 
total of 374.9±85.4 pm 2 (Figure 4). This value 
was significantly smaller than what resulted for 
CMG and STG (Tukey post-hoc test P<0.05). 

Immunohistochemistry of 
sympathetic ganglia 

We carried out the immunohistochemical 
investigation on the sympathetic trunk ganglia 
and caudal mesenteric ganglia. 

Sympathetic trunk ganglia 

Each combination of primary antisera was 
tested on a mean number of 235.7±22 FB+ 
neurons from each animal. The percentages of 
FB+ cells immunoreactive (-IR) for only one of 
the markers employed or co-expressing also 
TH-immunoreactivity are reported in Figure 5. 
The average percentage of FB+ neurons show- 
ing TH-immunoreactivity was 66±10.1% and 
the vast majority (92±7.1%) of these cells co- 
expressed DpH-immunoreactivity, indicating a 
catecholaminergic nature (Figure 6, A1-A3). 
As many as 59±8.2% of FB+ neurons were 
NPY-IR, while 52.3±7.2% of them co-expressed 
TH- and NPY-immunoreactivity was 52.3±7.2% 
(Figure 6, B1-B3). UBT-projecting neurons 
also showed positivity for all the other markers 




STG CMG PP 



Figure 4. Mean sizes (±SEM, n=4 pigs) of 
urinary bladder trigone-projecting post- 
ganglionic neurons in the sympathetic 
trunk ganglia (STG), caudal mesenteric 
ganglia (CMG) and pelvic ganglia (PP). 
The soma cross sectional area was meas- 
ured on at least two hundred FB-labeled 
cells from each neuronal class in each ani- 
mal. One-way ANOVA analysis revealed 
significant differences (P<0.001) between 
the mean sizes of neurons in the three kind 
of ganglia. Asterisks in the figure indicate a 
positive significance level (*P<0.05) 
obtained in the comparison of PP vs CMG 
and STG with Tukey post-hoc test. 



Figure 3. A) Photomicrographs of the longitudinal section of the L7 right sympathetic 
trunk ganglion (STG L7), one of the ganglia containing the highest density of Fast Blue 
(FB)-labeled cells innervating the pig urinary bladder trigone. Al) Distribution of the 
FB-labeled sympathetic postganglionic neurons at the ganglion periphery as visible at low 
magnification (lx); the white rectangle indicates the area where the image shown in A2 
has been taken from. A2) Morphology of the sympathetic postganglionic neurons labeled, 
as visible at higher magnification (20x). B) Photomicrographs of the longitudinal section 
of the right caudal mesenteric ganglion (CMG). Bl) Distribution of the FB-labeled sym- 
pathetic postganglionic neurons at the ganglion periphery as visible at low magnification 
(lx); the white rectangle indicates the area where the image shown in B2 has been taken 
from. B2) Morphology of the same labeled neurons as visible at higher magnification 
(20x). C) Photomicrographs of a section of one micro-ganglion of the pelvic plexus (PP) 
showing the distribution of the postganglionic FB-labeled neurons (CI). C2) 
Morphology of the PP labeled neurons as visible at higher magnification (20x) . 
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used, in the following percentages: CGRP- 
(24.1±3.3%), SP- (21.6±2.4%), VIP- 
(18.9±2.3%), nNOS- (15.3±2%), VAChT- 
(15±2%), LENK- (14.3±7.1%), and SOM-IR 
(12.4±3%). In addition, FB+ TH-IR neurons 
co-expressed CGRP- (20±2.3%) (Figure 6, Cl- 
C3), SP- (18.6±5.3%), VIP- (14.6+2.4%), 
VAChT- (15±2%), nNOS- (12.1±3.4%), SOM- 
(11.5+4.2%) (Figure 6, D1-D3), and LENK- 
immunoreactivity (10.5+3.2%). VAChT- 
(Figure 7A), CGRP-, LENK-IR (Figure 7B) and, 
to a lesser extent, nNOS-IR fibers formed vari- 
cosities around the FB+ neurons. 

Caudal mesenteric ganglia 

Each combination of primary antisera was 
tested on a mean number of 487.1+48.2 FB+ 
neurons of the CMG from each animal. The 
percentages of FB+ cells immunoreactive for 
only one antiserum or co-expressing 
immunoreactivity for an antiserum and TH, 
are reported in Figure 5. 

On average, about half of FB+ neurons 
(52.7+8.2%) showed immunoreactivity for TH 
and the vast majority (86.5+6.2%) of them co- 
expressed D|3H-immunoreactivity, indicating 
the catecholaminergic nature of these neu- 
rons. The majority (65.8+7.3%) of FB+ neu- 
rons were NPY-IR, whereas 57.9+5.9% co- 
expressed TH-and NPY-immunoreactivity. 
UBT-projecting neurons also showed positivity 
for all the other markers used, in the following 
percentages: CGRP- (22.1+3.3%), SP- 
(37.7+7.5%), VIP- (35.4+4.4%), nNOS- 
(32.9+7.7%), VAChT- (34.7+4.5%), LENK- 
(25.9+8.9%) and SOM-IR (31.8+7.3%). In 
addition, FB+ TH-IR neurons co-expressed 
CGRP- (17.9+4.8%), SP- (33.7+7.3%) (Figure 
8, A1-A3), VIP- (32.1+1.5%) (Figure 8, B1-B3), 
VAChT- (23.4+3.3%) (Figure 8, C1-C3), nNOS- 
(22.6+6.1%) (Figure 8, D1-D3), SOM- 
(27.1+4.2%) and LENK-immunoreactivity 
(23.3+2.5%) (Figure 8, E1-E3). VAChT-, CGRP- 
(Figure 7C), LENK-IR and, to a lesser extent, 
nNOS-IR (Figure 7D) fibers formed varicosi- 
ties around FB+ neurons. 



Discussion 

Localization 

The postganglionic neurons projecting to 
the UBT were found bilaterally in the L1-S3 
STG (87+5% of them in L7-S2 ganglia), in the 
CMG and the PP. On the contrary, very few cells 
were observed in the CrMG. Our findings are 
in accordance with what is commonly known 
about the innervation of the UB. In fact, it is 
well recognized that the UB is supplied by 
three sets of peripheral nerves: i) hypogastric 
nerves - mainly containing sympathetic post- 



ganglionic fibers, a few preganglionic fibers 
supplying the so called short adrenergic neu- 
rons in the ganglia located very close to pelvic 
organs 4 ' 3334 and sensory, mainly nociceptive, 
fibers 1214 ; ii) pelvic nerves - consisting mainly 
of preganglionic fibers, supplying the parasym- 
pathetic neurons of the PP and the intramural 
ganglia, as well as the postganglionic 1635 38 and 
sensory, mainly mechanoceptive, 14 fibers; iii) 
sacral spinal sensory nerves (pudendal 
nerves 39 ' 40 ). 

We can hypothesize that all the autonomic 
fibers that reach the UBT pass through the PP. 
In particular, the few fibers originating in the 
lumbar STG (L1-L6) travel along the hypogastric 
nerves, together with those originating in the 
CMG, to reach the PP and supply the UBT, while 
most of the fibers originating in the lumbo- 
sacral STG (L7-S2) likely travel along the pelvic 
nerves to reach the PP, join its post ganglionic 
fibers and supply the UBT. Another interesting 
finding was the somatotopic localization of the 
labeled neurons in the STG mostly involved in 
the innervation of the UBT (STG L7-S1-S2) and 
in the CMG, whereas, in the other STG, small 
amounts of FB+ neurons were scattered 
throughout the individual ganglia and no obvi- 
ous topographical organization was detected. 
Several studies have already proven, in the pig 
as well as in other species, a clear somatotopic 
organization of prevertebral ganglion neurons 
supplying different organs. 2326 ' 41 ' 42 On the con- 



trary, in pig STG, a somatotopic organization of 
visceral-projecting neurons has already been 
observed only for colon-projecting neurons 43 . In 
fact, it is commonly accepted that neurons with 
specific functions or projection fields are not 
highly localized within the STG, although there 
is a general rostrocaudal organization of neu- 
rons with respect to the position of their targets 
along the rostrocaudal axis of the body. This is 
correlated with the exit sites of the neurons 
from the ganglion 4445 and is due to the fact that 
STG contain relatively large populations of neu- 
rons generally involved in the same function 
{e.g., vasomotor perikarya). We have also pro- 
vided information regarding soma size of the 
traced perykaria. This information reflects a 
comparative rather than a representative value 
of the real cell size among the different cate- 
gories of neurons. Autonomic neurons were 
generally small (area 1000 um 2 and diameter 
40 pm); in particular, in the PP the FB+ neu- 
rons were smaller than those in the STG and 
CMG. This may be due to their being located 
closer to the UBT, or to the low level of circulat- 
ing androgens typical of 3-month-old pigs 46 (like 
the ones used in the present study). In fact the 
androgen effects on neuron morphology are not 
restricted to neurons with a direct role in repro- 
ductive reflexes, but also impact upon the neu- 
rons involved in bladder and bowel function. 47 
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Figure 5. Histograms showing the mean ± SEM percentages (n=4 pigs) of sympathetic 
trunk ganglia (STG) and caudal mesenteric ganglia (CMG) neurons projecting to the pig 
UBT (FB+ neurons) immunoreactive (+) to each antiserum and the proportion of these 
FB+ neurons that co-expressed also TH-immunoreactivity (TH+). 
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Immunohistochemistry 

Tyrosine hydroxylase and/or dopamine 
beta-hydroxylase immunoreactivity 

In the STG, the immunohistochemical stain- 
ing revealed that about 60% of UBT-projecting 
neurons showed an adrenergic (TH/D|3H-IR) 
phenotype and preferentially co-expressed 
NPY. In the CMG, the percentage of adrenergic 
neurons was smaller (about 45%). 
Furthermore, TH/NPY-IR cells represented 
about 60% of UBT-projecting neurons. 
Although large neurons (with diameter rang- 
ing between 40 and 65 pm) were present in the 
STG observed, the adrenergic and NPY-IR UBT- 
projecting neurons were small (area <1000 
pm 2 and diameter 40 pm) and preferentially 
located at the ganglion periphery. 

Perhaps the most unexpected finding of our 
study was the not so high percentage of 
immunoreactivity to TH and DpH. In fact, pre- 
vious immunohistochemical investigations 
revealed that, in the pig, as in other mammals, 
the vast majority of STG 48 and CMG 49 50 neurons 
are noradrenergic in nature. We believe that 
the differences observed in our results may be 
related to the age of the animals used in our 
experiments. In fact, it is known that the 
immunohistochemical properties of sympa- 
thetic neurons can change with age 51 and that 
the autonomic neurons innervating the genital 
organs, 52 53 and some bladder- or bowel-project- 
ing neurons are influenced by steroid hor- 
mones. 53 54 The low level of serum testosterone, 
documented by Colenbrander et a/. 46 in three- 
month old boars, could explain the relatively 
small percentages of adrenergic neurons 
found in our study, compared with those that 
project to the male or female genital organs of 
sexually mature (of more than 100 Kg and 8 
months of age) sows 55 or boars. 52 

The particular target tissue should also be 
taken into consideration in explaining our 
findings. In fact, the percentages of adrenergic 
neurons observed are similar to the ones 
reported by Pidusdko 4 in the intramural auto- 
nomic neurons found in the trigone of 10 kg- 
weighting gilts. Therefore, the adrenergic neu- 
rons projecting to pig UBT might be not very 
numerous in the STG and in the CMG because 
another subpopulation of adrenergic neurons 
is present in the UBT intramural ganglia. The 
chemical content and particular distribution of 
labeled neurons and their rather small size 
suggest that they have a vasoconstrictor func- 
tion, according to earlier research conducted 
on other species. 2656 59 However, vasoconstric- 
tion may not be the only possible function for 
the labeled catecholaminergic neurons 
observed. In fact, Larsen et a/. 60 and Lakomy et 
a/. 61 found in porcine UBT a very high number 
of adrenergic nerve fibers apparently related to 
the smooth myocytes of the muscular tunic in 



the UB as well as to myocytes of the tunica 
media in the blood vessels supplying this 
organ. Thus, the adrenergic UBT-projecting 
neurons should have also a visceromotor func- 
tion. The role of the visceromotor adrenergic 
neurons on the UBT smooth muscle appears 
complex. According to Yamanishi et a/. 18 , the 
functional role of the bladder base, including 
the bladder trigone, is to open and close the 
bladder neck during filling and emptying, 
respectively. The superficial trigonal layer, 
composed of smooth muscle of mesodermal 
origin, is thought to be sensitive to noradrena- 
line, with responses being predominantly 
mediated by a-adrenoceptors. 1862 ' 63 During 
bladder filling, the adrenergic stimulation 
causes the contraction of the superficial layer 
to keep the bladder neck closed. The deep trig- 
onal layer, which is instead of endodermal ori- 



gin, like the detrusor muscle, 18 responds to the 
same noradrenergic stimuli by (5-adrenocep- 
tors, relaxing and not opposing the closure of 
the bladder neck, but favoring flattening and 
elongation of the bladder base. 18 During emp- 
tying, the detrusor and the deep layer of the 
trigone respond to acetylcholine via mus- 
carinic receptors by contracting and facilitat- 
ing the opening of the bladder neck. 64 65 

Neuropeptide Y immunoreactivity 

The possible role of NPY within noradrener- 
gic neurons has already been discussed above. 
In general, NPY could have a role in the inhibi- 
tion of non-adrenergic-non-cholinergic 
(NANC), adrenergic and cholinergic excitatory 
neurotransmission, as already hypothesized by 
Persson et a/. 66 who observed few to moderate 
numbers of NPY-IR terminals related to muscle 



- 





Figure 6. Fluorescence micrographs of longitudinal sections of the porcine sacral (SI) 
sympathetic trunk ganglion containing FB-positive perikarya double labeled for TH and 
one of the different markers employed. In the group of figures labeled with the letter A, 
the arrows indicate three FB-positive perikarya (Al) containing simultaneously D($H 
(A2) and TH (A3). In the group of figures labeled with the letter B, the arrows indicate 
three FB-positive cell bodies (Bl) double immunolabeled for NPY (B2) and TH (B3). In 
the group of figures labeled with the letter C, the arrow points to a FB-positive cell body 
(CI) which simultaneously contained CGRP (C2) and TH (C3). In C2, near this cell, are 
also visible varicose CGRP-immunolabeled nerve fibers. Finally, in the group of figures 
labeled with the letter D, the arrow points to a FB-positive cell body (Dl) containing 
simultaneously SOM (D2) andTH (D3). 
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bundles or the surrounding small arteries in 
the lamina propria of the trigone of adult 
female pigs. 

Vesicular acetylcholine transporter 
immunoreactivity 

VAChT-immunoreactivity, alone or co-local- 
ized with TH-immunoreactivity, indicates that, 
besides pelvic ganglia 49 and parasympathetic 
intramural neurons 467 sympathetic para- and 
prevertebral neurons can also be the source of 
the high number of AChE-positive nerves 
observed in the pig trigone, in both the submu- 
cosal layer and in the muscular layer. 66 67 The 
number of cholinergic neurons we observed in 
the ganglia is small, but this might be also due 
to the limited availability and sensitivity of a 
suitable marker for cholinergic neurons in the 
peripheral nervous system. 2368 Another reason 
could be that, in many species, including the 
pig, choline acetyltranferase- (ChAT) and 
VAChT-immunoreactivity are present in a num- 
ber of endothelial cells 69 and in non-neuronal 
cells within the urothelium, 70 ' 71 suggesting that 
there may be other sources of acetylcholine 
with a role in some regulatory mechanisms. The 
co-localization of cholinergic and catecholamin- 
ergic markers has already been observed in STG 
neurons projecting to the pig bulbospongiosus 
muscle, 72 to the retractor penis muscle in the 
male pig 73 , and to the sow retractor clitoridis 
muscle. 74 Moreover, ChAT and DlsH were found 
co-localized in the cranial cervical ganglion of 
fetal pig. 75 It is known that, during fetal develop- 
ment, some neurons transiently express the 
noradrenergic phenotype but subsequently lose 
their noradrenergic characteristics, becoming 
cholinergic cells. 76 78 If so, we hypothesize that, 
in the sympathetic neurons observed herein, 
the development of the cholinergic marker 
might not be paralleled by a complete disappear- 
ance of the various catecholamine markers. 

In the trigone the function of cholinergic 
innervation might be the presynaptic modula- 
tion of the adrenergic excitatory neurotrans- 
mission. 70 

Calcitonin-gene-related peptide immunore- 
activity 

CGRP is commonly considered a marker of 
afferent pathways; 79 81 therefore, its presence 
within STG neurons could appear an unusual 
finding and its co-localization with TH even 
more so. However, the detection of CGRP-IR in 
TH-negative neurons has already been 
described in pig STG, 72 ' 82 83 and the co-localiza- 
tion of CGRP with TH has also been observed 
in a small number of STG neurons projecting 
to the pig bulbospongiosus muscle 72 and to the 
sow rectractor clitoridis muscle. 74 Persson et 
al. m observed a small number of varicose 
CGRP-IR fibers in the muscular layer of the 
UBT, with only very few being perivascular. A 
moderate number of CGRP-IR fibers has also 



been observed to supply neurons in the porcine 
UBT intramural ganglia. 4 These fibers were 
interpreted as collaterals of sensory neurons in 
the urinary tract, which may modulate smooth 
muscle activity by an antidromic efferent func- 
tion; however, we have proven that there is 
also a small contribution of autonomic ganglia 
to the peptidergic innervation of the UBT. In 
accordance with Happbla et al., S2 we hypothe- 
size that they play a functional role in the mod- 
ulation of neurotransmission in target organs 
of porcine sympathetic ganglia. 

Substance P immunoreactivity 

Although many researchers have always 
considered SP to be absent in neurons of pig 
STG 43 82 83 and CMG, 50 we have already proven 



the presence of SP alone in a very small num- 
ber of paravertebral neurons projecting to the 
pig retractor penis muscle, 73 and of SP co-local- 
ized with TH in the STG neurons projecting to 
the pig bulbospongiosus muscle 72 and the sow 
retractor clitoridis muscle. 74 The same co-local- 
isation has already been observed in a moder- 
ate number of neurons of UBT intramural gan- 
glia. 4 Considering the potent vasodilatory 
action of SP, the functional significance of its 
presence in neurons devoid of TH might be 
their participation in blood-flow regulation. 84 
The putative physiological significance of the 
co-existence of TH and SP might be their role 
in several visceral reflexes and neuroen- 
docrine responses, as already hypothesized for 
other species. 79,85 
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Figure 7. Microphotographs of sections from the porcine STG SI (A1-B4) and CMG (Cl- 
D4). A) the arrowhead shows an UBT-projecting neuron (FB-positive perikarion) (Al) 
immuno-negative for TH (A3, Texas Red visualisation) and VAChT (A2, FITC visualisa- 
tion), but surrounded by a meshwork of nerve terminals (indicated by arrows) immunore- 
active for VAChT (A2, FITC visualisation); these images were digitally superimposed in 
A4. B) the arrowhead shows a FB-positive neuron (Bl) immunoreactive both for LENK 
(B2, FITC visualisation) and for TH (B3, Texas Red visualisation); single nerve fibres 
immunoreactive for LENK (FITC visualisation) are visible between the ganglion cells and 
indicated by arrow. These images were digitally superimposed in B4. C) arrowheads indi- 
cate two FB-positive neurons (CI) weakly immunoreactive for CGRP (C2, FITC visuali- 
sation) and TH (C3, Texas Red visualisation); single nerve fibres immunoreactive for 
CGRP (FITC visualisation) are visible between and on the ganglion cells and indicated by 
the arrow; these images were digitally superimposed in C4. D) arrowheads show three FB- 
positive neurons simultaneously immunostained for nNOS (D2, FITC visualisation) and 
TH (D3, Texas Red visualisation); nNOS-immunoreactive fibres (FITC visualisation) sur- 
rounding the ganglion cells are indicated by arrows; the images were digitally superim- 
posed in D4 (double-labelled nerve cells are yellow). 
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Vasoactive intestinal polypeptide 
immunoreactivity 

Immunoreactivity for VIP has already been 
found, with distinct cranio-caudal differences, 
in some neurons of the pig cervical, 82 thoraco- 
lumbar 4883 and sacral STG. 75 Quantitative dif- 
ferences in the positivity for this peptide have 
been found also within the pig UBT by differ- 
ent researchers. In fact, Pidsudko 4 failed to 
find any immunoreactivity for VIP in either 
intramural neurons or fibers in the UBT of 
juvenile female pigs, whereas Crowe and 
Burnstock 16 have described, in female adult 
pigs, the population of VIP-immunoreactive 
neurons as the second biggest of the UBT 
intramural ganglia. Persson et a/. 66 also 
described VIP-immunoreactive nerve termi- 
nals accompanying muscle bundles as the 
most frequent in the muscle layer of the 
female adult pig trigone. Those authors attrib- 
ute the differences in their results to the use of 
different antisera, animals of different age, or 
the procedure used. Therefore, our findings 
could also be explained by the fact that we used 
juvenile animals. VIP-ergic neurons could play 
a role in blood flow regulation, because, like 
NO, VIP acts as vasodilator on genital organ 
blood vessels 79 ' 86 87 and displays a physiological 
antagonism with NPY in the control of blood 
flow. 87 In particular, in the pig it reduces the 
tension and amplitude of the spontaneous con- 
tractions of trigonal strips 88 and relaxes the 
bladder neck. 89 Also the distribution of VIP- 
containing nerves in the smooth muscle, 
around blood vessels and beneath the epitheli- 
um in the pig urinary tract 16 suggests that 
these VIP-IR neurons may participate in the 
regulation of smooth muscle activity, perhaps 
acting as local modulators of neuromuscular 
transmission, blood flow and epithelial activity. 

The co-localization of TH and VIP has 
already been described in sacral STG neurons 
projecting to the pig bulbospongiosus muscle 72 
and to the sow retractor clitoridis muscle 74 . 
Moreover VIP has already been found in asso- 
ciation with DSH in some vasodilatory neu- 
rons of porcine thoracic sympathetic chain 
ganglia. 2648 However, the coexistence of TH 
and VIP is unusual for a peptide commonly 
thought to be a marker of the cholinergic path- 
way or a classical neurotransmitter of the 
inhibitory non-adrenergic-non-cholinergic 
(NANC) subdivision of the autonomic nervous 
system; 89 ' 90 in addition, according to Hill and 
Elde 48 these THMP-IR neurons could have a 
vasodilatory action as well. 



Neuronal nitric oxide synthase immunore- 
activity 

Several morphological and functional studies 
support a parasympathetic origin of NO in the 



lower urinary tract, as the localization of nitr- 
ergic fibers often coincided with that of nerves 
expressing acetylcholine esterase-, VIP- and 
NPY-immunoreactivity. 68 However, we recently 
demonstrated that NOS-IR innervation of the 
pig UBT may originate also from DRG neu- 
rons, 14 and the present study shows a minimal 
contribution of STG as well. NOS-IR innervation 
is particularly dense in the pig UBT and is pres- 
ent also in the smooth muscle layer 66 where it 
accompanies the muscle bundles and fibers sur- 
rounding small arteries and forming plexuses 
around them and surrounding the ganglionic 
nerve cells in the UBT intramural ganglia. 4 All 
these observations are in line with functional 
studies showing that NO may have a role in the 



inhibitory neurotransmission in the pig trigone 
and seems to be involved in the endothelium- 
dependent acetylcholine-induced relaxation of 
pig vesical arteries. 9192 The physiological role of 
the neuronal NO-mediated vasodilatation in the 
bladder can only be speculated upon. The UB 
wall frequently undergoes changes in wall ten- 
sion during filling, which may affect blood flow. 
If the blood flow decreases during bladder fill- 
ing 9394 an activation of the vasodilator mecha- 
nisms has to take place in order to supply oxy- 
gen to the detrusor muscle. The co-localization 
of nNOS with TH had been observed earlier in 
some paravertebral neurons projecting to the 
bulbospongiosus muscle of the male pig 72 and to 
the retractor clitoridis muscle of the sow. 74 In its 




Figure 8. Microphotographs of sections from the porcine CMG containing FB-positive 
perikarya double labeled for TH and one of the different markers employed. A) Arrows 
indicate two FB-positive perikarya (Al) that simultaneously contained SP (A2) and TH 
(A3). B) Arrows indicate two FB-positive cell bodies (Bl) double immunolabeled for VIP 
(B2) and TH (B3). C) Arrow points to a FB-positive cell body (CI) which simultaneous- 
ly contained VAChT (C2) and TH (C3). D) Arrows indicate two FB-positive cell bodies 
(Dl) which simultaneously contained nNOS (D2) and TH (D3). E) Arrows indicate two 
FB-positive cell bodies (El) which simultaneously contained LENK (E2) and TH (E3). 
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co-existence with TH, it might play a modulat- 
ing role; in fact, it seems to induce an increase 
in TH activity in postganglionic neurons via 
both cyclic GMP-dependent and -independent 
mechanisms. 95 

Leu-enkephalin immunoreactivity 

The LENK-IR and LENK/TH-IR neurons 
observed in the present study could represent 
one of the sources of the small number of vari- 
cose LENK-IR fibers found in the muscular 
layer of porcine trigone. 66 The co-existence of 
LENK or other enkephalins with TH in pig par- 
avertebral neurons has been observed only in 
some neurons projecting to the pig bulbospon- 
giosus muscle, 72 and to the sow retractor cli- 
toridis muscle; 74 moreover, opioid peptides 
have been detected in noradrenergic nerve ter- 
minals supplying both the muscle layer and 
some arteries of the porcine oviduct. 96 

In the pig, the presence of opioid peptides 
has been noticed in the neurons of the cervi- 
cal, 82 thoraco-lumbar 83 and sacral 72 73 STG, 
independently of the presence of TH. 
Moreover, LENK-immunoreactivity and, in 
general, opioid peptides have been seen in 
fibers innervating the pig female genital 
organs. 96,97 In agreement with Crowe and 
Burnstock, 16 LENK-IR neurons might have an 
inhibitory action on many intramural bladder 
neurons, or, more in general, a regulatory role 
in the neurotransmission in the UBT and its 
vessels. In fact, the co-existence of 
enkephalins with noradrenaline in sympathet- 
ic ganglia 98 and in fibers innervating the geni- 
tal organs 99 suggests that these peptides may 
presynaptically modulate (inhibit) sympathet- 
ic inputs at the neuro-effector junction. 96100 
The same co-existence observed in several 
noradrenergic perivascular nerve fibers 101 sug- 
gests that enkephalins might also have a 
vasodilator effect due to their inhibitory action 
on autonomic neurotransmission. 23 80 ' 98 

Somatostatin immunoreactivity 

The SOM-IR and SOM/TH-IR neurons 
observed in the present study could represent 
one of the sources of the small number of vari- 
cose SOM-IR fibers found in the muscular 
layer of porcine trigone 66 or which supply the 
neurons in the intramural ganglia of the 
porcine UBT. 4 SOM-IR neurons have already 
been observed in porcine STG, 69102 and both 
SOM/TH-IR and SOM-IR/TH-immunonegative 
neurons have been described in porcine 
CMG. 50 According to Lacroix et a/., 102 Majewski 
and Heym, 50 and Mayewski, 26 it is possible to 
hypothesize a vasoconstrictor role for these 
neurons. 



Fibers supplying sympathetic 
urinary bladder trigone-projecting 
neurons 

We observed FB+ neurons surrounded by 
VAChT-, CGRP-, LENK- and nNOS-IR fibers in 
both STG and CMG. The number and distribu- 
tion of these fibers is quite similar to those 
already described by Skobowiat et al. 43 for the 
fibers surrounding colon-projecting neurons in 
pig STG, while the presence of VAChT-, CGRP- 
and LENK-IR fibers we observed in the CMG is 
in accordance with what already described by 
Kaleczyc et a/. 49 in the CMG of male pigs. 

The numerous VAChT-IR nerve fibers sur- 
rounding FB+ perikarya in STG and CMG, 
together, could originate presumably from pre- 
ganglionic cholinergic neurons located in the 
intermediolateral nucleus of the spinal 
cord. 4959 Moreover part of the LENK-IR nerve 
fibers encircling/neighbouring FB+ perikarya 
probably originate from STG neurons or consti- 
tute viscerofugal projections from the gut wall, 
because these specifically coded neurons were 
found in enteric ganglia, while they are scarce 
in the DRG of porcine male 103 and absent from 
the areas of the grey matter of the spinal cord 
containing autonomic nuclei. 49 104 106 The 
CGRP-IR nerve fibers observed may originate 
from DRG afferent neurons. 14 ' 49 ' 50 105 ' 107 We 
think that the FB+/TH-IR perikarya supplied by 
petpidergic (especially LENK-IR) nerve fibers 
act as integrative neurons. 56 88 In fact, the neu- 
rons intensely supplied with LENK- or CGRP-IR 
nerve terminals could represent integrating 
(associative) nerve cells probably projecting to 
the viscera and receiving information from 
both the gastrointestinal tract via a centripetal 
projection pathway and from autonomic nuclei 
in the spinal cord. 49 Other smaller TH-IR neu- 
rons, supplied by VAChT-IR nerve fibers, prob- 
ably contribute to the innervation of the uro- 
genital organs and blood vessels. The vast 
majority of CMG neurons projecting to porcine 
male uro genital organs belong to this neu- 
ronal subpopulation 49 

Finally, nNOS-IR fibers could originate from 
the preganglionic neurons located in the inter- 
mediolateral nucleus of the lumbar spinal cord 
or from DRG neurons. 14 Nitric oxide is present 
in more than one functional subpopulation of 
sympathetic preganglionic neurons and may 
have a role both as a directly acting transmit- 
ter, and as a modulator of efferent neurotrans- 
mission, besides being involved in afferent 
neurotransmission. 108 110 Therefore, even the 
nNOS-IR fibers that we observed around the 
UBT-projecting neurons could represent both 
centripetal projections from autonomic nuclei 



in the spinal cord, and collaterals of sensory 
neurons supplying sympathetic neurons with 
integrative functions. 



Conclusions 

The present study proves the involvement of 
different categories of autonomic ganglia in 
the innervation of porcine UBT. In particular, 
we demonstrated for the first time that, 
besides the well recognized contribution of the 
PP and CMG to the nervous control of the UBT, 
there is also a conspicuous participation of the 
sympathetic trunk, with a broad cranio-caudal 
extension of the STG involved, as already 
shown for the cat. 111 We have also documented 
that the chemical coding of sympathetic UBT- 
projecting neurons is quantitatively diversi- 
fied, but qualitatively similar, in STG and CMG, 
where the neurons are not only adrenergic but 
also contain acetylcholine and different regu- 
latory peptides. In particular, the substances 
with a regulating/modulating action appear to 
be more important than the classical neuro- 
transmitters, i.e,. adrenaline or acetylcholine 
in neurons that innervate an area as that of 
the bladder base, characterized by highly com- 
plex structure and functions. 

The knowledge of the different regulatory 
transmitters and peptides present in the sym- 
pathetic neurons innervating the UBT may 
result useful in the development of new thera- 
pies for the treatment of neurogenic disease of 
the urinary bladder, which should be modulat- 
ed in relation to sex and age. 
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